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Editor's note: This article on the
Centerfor Environmental
Genetics at the University of
Cincinnati Medical Center
is the third in a series
that appears intermit-
tently in NIEHS News.
The series highlights the
activities ofEnvironmental
Health Sciences and Marine and
Freshwater Biomedical Sciences
Centers. Thefirst article in the series
appeared in volume 101, number 7.
In June 1992, the University ofCincinnati
was awarded a five-year center grant for a
new NIEHS Environmental Health Scien-
ces Center. Daniel W. Nebert is director of
the new Center for Environmental
Genetics (CEG). The center is comprised
of 25 scientists from five departments at
the University of Cincinnati Medical
Center. These scientists will examine the
impact ofgenetic diversity on the response
of the individual, or populations, to toxic
environmental agents-from sunlight and
chemicals in the diet, to carcinogens and
air pollutants in the environment.
The CEG's research includes a multi-
disciplinary approach, from "the molecule
to the human," devoted to the application
of molecular biology and genetics to envi-
ronmental toxicology research. The funda-
mental strategy of the CEG is to under-
stand variation in response to toxic agents
due to the underlying interindividual dif-
ferences in genetic predisposition. Experi-
mental systems include everything from
microbes and lower eukaryotes to main-
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CEG research is taking advantage
of the usefulness ofgenetic variants
such as genetically differ-
ent subpopulations, resis-
tant-versus-sensitive
groups, and interindi-
vidual and intraspecies
differences. It has become
increasingly clear that
interindividual genetic vari-
ability can lead to striking dif-
ferences in the toxic response
to a wide variety of environmental
substances. An appreciation of these dif-
ferences and an understanding of the
underlying mechanisms are critical in eval-
uating the risk of adverse health effects.
Individual variation often reflects allelic
differences in genes encoding proteins
involved in critical functions such as recep-
tors, drug-metabolizing enzymes, ion chan-
nels, multidrug-resistance membrane gly-
coprotein pumps, second-messenger path-
ways, DNA repair, and chelation ofmetals.
The Kettering Laboratory at the
University of Cincinnati Medical Center
has a long history of major contributions
to environmental health research. Dating
back to 1924, Robert A. Kehoe's landmark
studies on tetraethyl lead absorption, distri-
bution, and toxicity in exposed workers
resulted in the development of guidelines
for manufacturing and handling this chem-
ical in industry, as well as the establish-
ment of worker-education programs.
Scientists at the Kettering Laboratory also
defined guidelines for the handling and
toxicity of refrigerants. World War II
brought the Kettering Laboratory more
research projects, including the investiga-
tion of food addi-
tives, preservation of
foodstuffs, and stud-
ies on the toxicity of
DDT and organo-
phosphate pesti-
cides. In addition,
clinical work on the
occupational hazards
of dioxin was begun
in Cincinnati. Aero-
sol inhalation stud-
ies and other work
performed at the
Kettering Labora-
tory also brought
national attention to
the danger of lead-
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ter has been located at the University of
Cincinnati for 25 years (1967-1991).
Origin ofEcogenetics
Perhaps the first example of a genetically
determined difference in response to a
chemical came in approximately 1930; the
inability to taste phenylthiourea (PTU)
was reported to be inherited as an autoso-
mal recessive trait. Whereas about 70% of
the U.S. population perceive PTU as a
very bitter substance at a particular con-
centration, the remainder notice no bitter-
ness until concentrations at least 100 times
greater are used. Although the mechanism
of this genetic difference has never been
elucidated, the PTU "taster" and "non-
taster" phenotypes in all likelihood repre-
sent a polymorphism involving differences
in function of a taste-receptor gene. In
1950 the frequencies ofthe PTU nontaster
phenotype among Native Americans and
African Americans were reported to be
only 2% and 3%, respectively, compared
with 30% nontasters among whites. This
was probably the first time that striking
ethnic differences in response to an envi-
ronmental chemical had been recognized.
Another human polymorphism was
uncovered about 1949, when a clinical
study reported that many patients taking
isoniazid for the prevention or treatment of
tuberculosis exhibited peripheral neuropa-
thy. During the next decade it was deter-
mined in these afflicted individuals that
the recommended dosage of isoniazid was
not being efficiently metabolized and
hence the toxic drug was accumulating.
The enzyme involved in degradation of
isoniazid is an N-acetyltransferase. People
deficient for this enzyme are called "slow
acetylators." A survey of the population
was followed by family studies. By measur-
ing serum isoniazid levels at a particular
time point after a standard dose, David
Price-Evans, Victor McKusick, and co-
workers at Johns Hopkins determined that
slow acetylators are homozygous for the
autosomal recessive allele (rir), whereas
rapid acetylators are either homozygous
(RuR) or heterozygous (Rir) for the rapid
allele. Again, striking ethnic differences in
the frequencies ofthese alleles were discov-
ered: one in every two whites is homozy-
gous for the rallele, but the slow acetylator
frequency worldwide ranges from approxi-
mately 10% in Japanese populations to
more than 90% in Egyptian populations.
In the past 4 years the N-acetylation
(NA1) genes have been cloned and well
characterized by Urs Meyer and co-work-
ers. The NAT2 gene is responsible for the
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polymorphism, which can largely be
explained by the wild-type allele (rapid
acetylator), two major mutant alleles in
whites, and a third major mutant allele in
Orientals. During the past 4 decades, slow
acetylators have been found to be more
prone to adverse reactions to more than a
dozen commonly prescribed drugs and
more than a dozen occupationally haz-
ardous chemicals.
Beginning about 1950, the studies of
R.A. Cartwright in England showed that
the N-acetylator phenotype is an impor-
tant determinant ofazo dye-induced blad-
der cancer. Among chemical dye workers,
the slow acetylator phenotype is correlated
with increased risk of bladder cancer, as
well as the degree of invasiveness of this
cancer in the bladder wall. In contrast, the
rapid acetylator phenotype is associated
with increased risk ofcolorectal carcinoma.
This is one of many such examples in
which a toxic response or cancer in one
target organ might be more common in a
particular phenotype, but cancer in anoth-
er target organ might be less common in
that same phenotype. Such ecogenetic
polymorphisms are therefore double-edged
swords, and thus these genes would be
poor candidates for gene therapy.
Polycyclic aromatic hydrocarbons have
been a major topic in the study of i
carcinogenesis since the beginning ofthis
century. Itwas not until theelegant wo
Peter Sims in London between 1968 and
1974, however, that scientists appreciated
the fact that "detoxification enzymes," in
the case of the polycyclic aromatic hydro-
carbons, convert the inert parent substrates
to reactive intermediates capable ofmutage-
nesis, carcinogenesis, toxicity, and even
birth defects. During approximately this
same time period, Daniel Nebert delineated
the Mendelian inheritance ofthe inducibili-
ty of these cytochrome P450 enzymes by
polycyclic hydrocarbons and, in collabora-
tion with Richard Kouri and others,
demonstrated that a genetically higher level
ofthese enzymes was correlated with a vari-
ety of environmentally induced malignan-
cies and manifestations of toxicity (liver,
lung, eye, bone marrow, ovary, immune
system, and birth defects). Low inducibility
in mice was found to reflect the low-affinity
aryl hydrocarbon receptor (AhR) and is
usually inherited as an autosomal recessive
trait, whereas high inducibility is due to the
high-affinity AhR. The polymorphism of
low and high inducibility in mice was first
shown to be similar to that in humans by
the laboratoryofCharles Shaw in Houston.
Today, more than 60 human ecogenetic
differences have been characterized. These
differences are common (the polymor-
phisms range between 1% and 50%) and
covert: unless the individuals are challenged
Uttering Laboratory complex houses the Center for
withth ilr rn with one (or both) copies ofthese
they sy ivtei defective, any genetic predis-
ko igabout thir genetic pdipsto. stin(g.ehnced or decreased
oean one dozen such pol high- or low-affinity recep-
cannwbe explained on a motive DNA repair etc.) might
because thegenes have been clo station rates in an individual's
numbe isexpanding rapidly. aroit-n=Aogenes and tumor-suppressor
genes. Thus, developmental or congenital
Explosion in the Field tumors are much more likely to arise dur-
The past four decades have seen incredible ing the first three decades of life, whereas
advances in molecular biology and genet- environmentally induced malignancies are
ics. This explosion in molecular biology more likely to arise beyond the third
and genetics has led to the availability ot decade oflife and become more frequent
numerous novel techniques to completely withadvancing age.
analyze the entire human genome. Not
only will these new methodologies help Four Research Cores
elucidate the role ofgenes responsible for Within the CEG, four research cores are
inborn errors ofmetabolism, but they will focused on specific areas ofenvironmental
aid in our understanding of how exoge- toxicology that are of major importance.
nous signals migh perturb gene expression The central focus of the Ecogenetics
and lead to enviromentally caused dis- Research Core is the identification and
eases. characterization of genetic polymorphisms
The human genome is estimated to that affect the metabolism and therefore
contain approximately 50,000-100,000 the toxicity of foreign chemicals. This
genes distributed within the 3 billion base work includes the characterization of
pairs of DNA. Francis S. Collins, the new receptors controlling metabolism. For
director of the National Center for example, two alleles of the mouse Ah
Human Genome Research, predicts that receptor gene and two alleles ofthe human
All ofthese genes will be sequenced within Ah receptor gene have been cloned, and
the next 10 years. More than 5000 genes the key amino acid differences between the
have already been sequenced, of which high- and low-affinity human Ah receptor
almost 75% contain mutated alleles that protein have been delineated by the
are associated with a disease phenotype. Ecogenetics Research Core. Current
It has become increasingly clear that human studies in this field may lead to a
mutations and other DNA defects in simple DNA test for determining individ-
proto-oncogenes and tumor-suppressor ual risk ofcigarette smoking induced bron-
genes play a key role in neoplasia, and this chogenic carcinoma.
is one area ofresearch at CEG. In addition The Reproductive and Developmental
to congenital defects, in which individuals Toxicology Research Core investigates the
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ut mice and men. scientists at tne university of tincinnati Medical Center ana Tne Cnildren's Hospital
Medical Center have generated more than 340transgenic and knockout mouse lines.
role of environmental substances in infer-
tility, in utero toxicity, and birth defects.
For example, although lead-induced neu-
rotoxicity in humans has been well known
for at least 70 years, nothing about the
molecular basis of this toxicity is under-
stood. A study in this CEG research core
has recently found more than a 75-fold dif-
ference in toxic response between
Drosophila strains exposed to lead acetate
in their food. In genetic crosses between
these strains, the lead resistant phenotype
is dominant to the sensitivity phenotype,
and backcrosses have shown Mendelian
segregation of the trait, indicating that a
single gene is most likely responsible for
the lead resistance/sensitivity trait. Given
the ease with which genetic studies can be
performed in Drosophila, the prospects for
isolating such a gene are promising. Such a
biomarker might become a valuable pre-
dictor of individual human susceptibility
to lead.
The Genetic Toxicology Research Core
examines the impact of environmental
agents on the structure ofgenetic material.
The mechanisms of genotoxicity, leading
to mutations and cancer, have been an area
ofvital importance to environmental toxi-
cology. For example, researchers are study-
ing the inherited disease ataxia telangiecta-
sia (AT) in this research core. Both
homozygous and heterozygous AT individ-
uals appear to be at increased risk for
adverse health effects from exposure to ion-
izing radiation (X-ray or gamma-ray) and
radiomimetic chemicals (e.g. bleomycin,
neocarzinostatin). The frequency of AT
heterozygotes is estimated to be as high as
1% in the human population. The CEG
plans to develop a reliable assay to identify
AT heterozygotes because these individuals
might be at increased risk of breast cancer
in response to the recommended annual
mammograms intended for prevention of
malignancy, for example.
Another project involves the study of
homologous recombination of chromo-
somes, which occurs in a variety of tissue
and cell types during growth, differentia-
tion, and tumor progression. Gene target-
ing and transgenic technology are being
used to create cells and mice in which the
role of homologous recombination events
in generating mutations in somatic and
germline cells can be examined. Mitotic
recombination leads to the loss of het-
erozygosity at loci encoding tumor sup-
pressors; cells from patients suffering from
syndromes characterized by high cancer
rates display high frequencies ofchromoso-
mal recombination. Little is known about
the frequency of recombination or the
genetic and environmental factors that may
influence this frequency in the intact ani-
mal. The best experimental approach
therefore appears to be transgenic animals;
development of transgenic mouse lines is
underway in this research core.
The Oxidative Stress Toxicology
Research Core is concerned with the emer-
ging area ofoxidative stress. The "oxidative
stress" response represents several complex
signal transduction pathways that may
underlie numerous diverse toxic effects of
environmental agents in biological systems.
For example, a project in this research core
is investigating ofthe role ofbronchial and
alveolar injury during airway inflammation
and hyperreactivity, comparing genetically
resistant and sensitive individuals chal-
lenged with common air pollutants. Ozone
was found to augment eicosanoid release
into bronchoalveolar fluid in humans and
animals after inhalation exposure, as well as
by airway epithelial cells in culture. The
neutrophil chemotactic factor, macrophage
inflammatory protein-2 (MIP-2), appears
to be be responsible, at least in part, for
ozone-induced increases in lung neu-
trophils; direct exposure of alveolar
macrophages to an oxidant is sufficient to
induce MIP-2 expression. Genetic differ-
ences in interleukin-8, MIP-1, MIP-2, and
other cytokine responses are currently
being compared in several inbred strains of
mice treated with ozone at levels common-
ly found in many urban areas.
An additional project focuses on
whether interindividual susceptibility to
reactive oxygen intermediates in higher
eukaryotes is similar to the oxidative stress
responses already well characterized in bac-
teria. In enteric bacteria, approximately 80
different proteins are induced by oxidative
stress; these proteins, most of which have
unknown functions, are the products of
two different regulons, or sets of coordi-
nately regulated genes. Bruce Demple and
co-workers at Harvard have shown that
one of these regulons is controlled by
products ofthe soxRand soxSgenes, and is
stimulated by superoxide radicals. Another
is controlled by the product of the oxyR
gene and is stimulated by hydrogen perox-
ide or a metabolite thereof. Work in the
Oxidative Stress Toxicology Research Core
has recently uncovered a signal transduc-
tion pathway in the mouse that appears to
be similar to the bacterial soxRIS regulon,
as well as a gene encoding a transcription
factor that appears to be similar to the bac-
terial oxyR gene. Individual differences in
the human equivalents of these genes
might explain why some, but not others,
are affected by smog and other forms ofair
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pollution. Moreover, one or both of these
pathways may be relevant to the observa-
tion that, among premature infants who
require hyperoxic therapy, only 30% devel-
op bronchopulmonary dysplasia, the
chronic sequelae ofoxygen injury.
The center has six facilities and services
cores, each of which was chosen on the
basis of critical research needs among the
center investigators. These cores facilitate
and enhance environmental genetics
research conducted by the center members
leading to more efficient use of research
dollars. Each of the facilities and services
cores provides service to multiple investiga-
tors and gives support that would be
impractical for investigators to obtain indi-
vidually. The facilities and services cores
include analytical chemistry and biomoni-
toring, data management and analysis,
image analysis, laboratory animal breeding,
molecular biology, and transgenic mouse
production.
Pilot Projects Program
The Pilot Projects Program involves
awarding 12-month grants, intended to aid
the investigator in gaining sufficient pre-
liminary data for inclusion in a future
R01-type grant proposal. A major purpose
ofthis program is to enhance awareness of
investigators throughout the university of
the possibilities for applying their research
techniques and model systems to environ-
mental health. This program is overseen by
Deputy Director Eula Bingham. Subjects
of the current (second year) proposals
include bronchial epithelial T-cell interac-
tions in occupational asthma; differences
in ultraviolet radiation-induced DNA
damage, adduct formation, and tumorige-
nesis as a function ofvarying levels ofpig-
ment in human skin; role ofthe p53 gene
in mouse skin epithelial responses to
benzo[g]pyrene; gene amplification rates
induced by UV radiation, hydrogen perox-
ide and methylmethane sulfate in yeast
cells defective in a cell-cycle-control check-
point; micronuclei formation analysis by
random amplification of polymorphic
DNA polymerase chain reaction finger-
print techniques; and differential mutagen-
esis in mouse lines congenic at the Ah
receptor locus.
Public Outreach Program
Robert L. Bornschein, director of the
Center for Lead Research and a member of
the CEG, has set up a Community
Outreach Program to educate residents
and public health officials on the risks of
lead exposure and methods to reduce those
risks. The educational materials were
developed because lead exposure is of par-
ticular concern for families living near lead
smelters where high levels of lead in the
dust are common. Trail, British Columbia,
is the site of the largest lead smelter in
North America. Elevated blood levels in
young children continue to be a serious
concern. Bornschein has been working
with the Trail Lead Task Force, designing
an educational program for preschool,
kindergarten, and elementary school chil-
dren. The purpose of the program is to
make young children aware ofwhat lead is,
where it comes from, how it gets into their
bodies, and what they can do to protect
themselves and their younger siblings. The
program includes a puppet show presented
by the Educational Coordinator, a video
used by the teachers, age-appropriate col-
oring books and posters, and personal
hygiene supplies for use at home. The pro-
gram stresses the importance of good
hygiene and nutrition, as well as specific
steps to reduce exposure to dust in and
around homes.
The CEG has future plans for its
Public Outreach program in three addi-
tional areas. Funding is currently being
sought to form a partnership between the
CEG and local educators to develop educa-
tional materials for instruction in environ-
mental health and genetics as part of the
science curriculum of children in grades
kindergarten through 12. Second, adult
education in the Greater Cincinnati area
will be provided through general lectures
to the public. Finally, a Ph.D. training
program in Environmental Genetics
Counseling is being developed that will
focus on genes and the environment and
will interface with the existing M.S. pro-
gram in medical genetics for the training of
genetics counselors. An article in the 30
November 1993 New York Times Science
Section about Francis Collins underscores
the need during the next decade for a new
breed ofgenetics counselors and education
W
The fly. Associate Professor lain L. Cartwright
holds a bottle of fruit flies found to be relatively
resistanttotoxic effects oflead acetate.
of children, as well as their parents. A
major CEG public outreach goal is to
make the public more aware of such con-
cepts as Mendelian genetics, risk assess-
ment, and probabilities.
The new Center for Environmental
Genetics is based on the premise that
underlying genetic predisposition in the
human population can dramatically influ-
ence individual response to toxic environ-
mental agents. Identification and charac-
terization of these genetic differences in
humans and animals are essential to ade-
quately evaluate the risk ofadverse health
effects ofexposure ofan individual, as well
as populations, to environmental sub-
stances; will provide important keys to
understanding fundamental molecular
mechanisms of toxicity; will suggest a
rationale for preventive or ameliorative
measures; and ultimately may provide
opportunities for molecular interventions
to improve human health.
Minorities in Science
Why don't gifted minority students enter
the sciences in proportion to their numbers
in the U.S. population? In some academi-
cally demanding fields, such as engineer-
ing, minority enrollment has improved
dramatically in recent years, but not in the
biomedical sciences. A task force of
approximately 40 individuals with experi-
ence in educating minority youth met
February 28 and March 1 at NIEHS to
identify essential features of a program to
increase the number of minorities who
choose science as a career. The task force
meeting was cosponsored by NIEHS and
the American Association for Cancer
Research (AACR), an organization of sci-
ence professionals engaged in cancer
research.
Designated the "NIEHS/AACR Task
Force on the Advancement of Minorities
in Science," the effort was initiated by
Kenneth Olden, director of NIEHS, who
also serves as chairperson of the Minority
Issues Committee oftheAACR. A summa-
ry of the findings of this task force will
appear as a special report in the journal
Cancer Research. In addition, the findings
will be used to develop a model program
for the nation.
"This topic has generated much discus-
sion," Olden said. "Recent projections that
minorities will be in the majority by the
year 2020 is evidence that a strategy for
ensuring the entrance of this population
into the science pipeline is essential to the
continued vitality of the nation's educa-
tional and technological enterprises."
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